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[bookmark: _GoBack]Increased leap performance and no change to knee-drop landing kinetics, following a verbal cueing intervention.

Abstract
[bookmark: _Int_CZi4QlNo]Introduction: Knee-drop landings following a dance leap are often used in contemporary dance choreography, but there is limited research into the biomechanical demands of these types of landing. This study aimed to investigate the effects of a verbal cueing intervention on the performance and kinetics of a common knee-drop landing in contemporary trained dance students. 
[bookmark: _Int_9UetSMEx][bookmark: _Int_SAVJ1YdB][bookmark: _Int_ApksX07P][bookmark: _Int_tvHdS07S]Method: Pre-vocational dance students participated in this study (n = 8). A quasi-experimental research design was followed to collect kinematic and kinetic data using 3D motion capture and force plates following the take-off and during a knee-drop landing of a contemporary dance style leap pre and post a verbal cueing intervention. Performance variables analysed were jump height and flight time, while kinetic variables included vertical ground reaction forces (vGRFs) and loading rates. Results: A statistically significant increase in jump height and flight time was found post intervention; There was no significant difference between pre and post intervention for peak vGRFs at foot or knee impact or loading rate of the whole landing phase.
[bookmark: _Int_4a3QrP4p][bookmark: _Int_jCD6flnu][bookmark: _Int_85uCDWDO]Conclusion: The verbal cueing intervention was successful in increasing flight time and jump height, indicating optimised performance. The lack of significant difference in peak vGRFs and loading rate in the landing phase implies that the intervention did not have a detrimental effect on musculoskeletal loading. These findings demonstrate the positive influence of a verbal cue which focusses on increasing flight time and opposing the landing for enhancing the execution of a dance leap without negatively affecting the forces being experienced in the knee-drop landing that followed. However, it should be noted that the small sample size and lack of a control group in this study may limit the reliability of findings and mean that the generalizability of these findings should interpreted with caution.
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Key points
	1. A verbal cueing intervention which focused on suspending in the air and opposing 	the landing was successful in increasing flight time and jump height of a dance leap. 
	2. Increased flight time and jump height did not result in increased peak vGRFs or loading rate 	during the knee-drop landing.
[bookmark: _Int_2pfSCH6j]	3. Performance optimisation of a dance leap can be achieved via a verbal cueing intervention 	without detrimental effect on musculoskeletal loading.

Introduction
[bookmark: _Int_UfPDQCuf][bookmark: _Int_r44o7Id7][bookmark: _Int_FZqJ75JA][bookmark: _Int_JooGbUZP][bookmark: _Int_2KNmGREO]Contemporary dance requires expressivity and artistic virtuosity as well as athleticism. A dancer is required to meet ever changing choreographic demands even if movement may not be biomechanically sound to perform. Ideally, dancers, teachers and choreographers should understand the consequences associated with the stressors of specific movement tasks, to promote enhanced biomechanical strategies and minimise potentially harmful impacts, while maintaining optimal performance outcomes. It has been found that ground reaction force (GRF) is an indicator of the stress experienced by the body as contact is made with the ground1. If ground reaction forces are too high for the musculoskeletal system to disperse, there is an increased injury risk2,3. Loading rate (the speed at which these forces are experienced by the system), can also be a factor in the level of injury risk due to poor shock absorption and force distribution if the loading rate is high4.

[bookmark: _Int_IL2iZJPq][bookmark: _Int_SM4SM96v][bookmark: _Int_exQoEBTn][bookmark: _Int_rVVeJxHk][bookmark: _Int_bCR6AIOd]Choreographic demands spanning a breadth of genres, including contemporary dance, often dictate the use of knee-drop landings following a leap. In this action, dancers land on the top of their foot, folding the leg underneath as the weight is taken through the front of the lower leg on to the knee before continuing into a seated roll to the side. These landings occur in a range of settings from young recreational dancers, to students in vocational training, to professional dancers. The technique required to underpin such complex movement is not always taught correctly and sometimes self-taught, potentially resulting in detrimental musculoskeletal loading when striving to enhance performance outcomes such as flight time and jump height, especially in those who may not be sufficiently physically conditioned to cope with the stressors caused by the impact. The frequency with which these types of landings have been observed in practice and the lack of existing research exploring landing forces prompted this investigation. 

[bookmark: _Int_IMw4mtw9][bookmark: _Int_gthE25dH][bookmark: _Int_ZXAr7NBO][bookmark: _Int_nroGzLOw][bookmark: _Int_Ag43IERm]Previous research into landing from dance leaps has focused on landings through the foot,5-8 and primarily considered the relationship between landing forces and injury risk,9-13 with GRF being identified as a key factor affecting professional dance injuries14. One study14 compared the landing from different jumps across three dance styles: classical dance, modern dance, and Polish folk dance, reporting that jete-like leaps produced significantly higher GRFs than other types of jumps measured. Gorwa and colleagues also reported that classical dancers produced significantly higher GRF’s than the other dance styles, which was explained by the short duration required of the timing of the landings in classical dance leaps, in comparison to the longer landing phases seen in the modern dance leaps. In sum, existing research in foot-based dance landings identifies that different dance actions, different landing techniques, and rate of loading during the landing phase influences vGRF and subsequent potential injury risk.

[bookmark: _Int_fcNB6wzc][bookmark: _Int_Yfpd0TfN]A study by Van Ramshorst and Choi15 investigated peak knee and hip contact vGRFs, percentage of Maximum Voluntary Isometric Contraction (%MVIC) of rectus femoris and gluteus medius muscles, and time to peak vGRF during the landing phase of collegiate-level contemporary dancers during two techniques of a choreographed fall on to the lower leg. Technique one utilised an anterior fall, landing through ankle plantarflexion, knee, and hip flexion to disperse forces through the anterior shank, whereas technique two was a laterally focused fall through ankle inversion and a dispersion of forces through the lateral aspect of the shank. It was found that technique two produced lower peak vGRF at knee contact, along with increased muscle activity of the rectus femoris and gluteus medius, and increased time to knee contact, which they suggest contributed to the reduced forces.

[bookmark: _Int_eitUI7mx][bookmark: _Int_7vI4h2Vl][bookmark: _Int_hMNswa4q]Parkour athletes are also required to execute non-traditional landings. In this movement form research has found that a landing technique which extends the duration of the landing phase produces lower peak GRFs. Puddle and Maulder16 compared the vGRF and loading rate of a traditional drop landing which lands on the forefoot and lowers to the rear-foot, with two other types of Parkour landings; a Parkour precision landing, which involves the forefoot landing on to a precise object such as a handrail, and a Parkour roll, which lands on the forefoot, continuing into a roll over the shoulder. It was found that the Parkour precision and roll landings demonstrated significantly less maximal vGRF and loading rates than the traditional landing, but no significant difference between the precision or roll landings. Research by Maldonado et al.,17 into Parkour precision landings found that in comparison to untrained participants, Parkour athletes extended the duration of the landing phase with increased knee range of motion, producing lower GRFs in all directions. Dai et al.,18 continued to investigate the kinematics of landings in Parkour, comparing landings from three heights utilising four techniques; squat, forward with hands on the floor, roll and stiff landing. Findings from these studies reinforce the loading rate principle4; stiff landings may increase injury risk due to the sudden decrease of vertical velocity over a short duration, whilst the roll landing decreased peak loading on the lower extremities due to the decrease of vertical and horizontal loading over a longer duration. 

[bookmark: _Int_rVUx2gBq][bookmark: _Int_XfwsdY7K][bookmark: _Int_6OxEHH1v][bookmark: _Int_xQe8BrKk][bookmark: _Int_FFQM0ESO][bookmark: _Int_diaOVtdm][bookmark: _Int_vDLnknrN]In dance and other movement contexts, verbal cues are frequently used to provide instruction and feedback, with the intention of adapting technical execution and optimising performance19. Insights from motor learning and skill acquisition in sport, and more recently in dance, indicate that verbal cues which focus on directing attention can influence performance outcome. Focus of attention is defined as the ability to identify, direct, and sustain one’s attention on information relevant to task accomplishment20. To date, research across a range of sports identifies an external focus of attention (e.g., focusing on the intended effect of the movement) is more effective than internal focus of attention (e.g. an instruction which focuses on specific body movements) at achieving desired performance outcomes20,21 Generally, research into the effects of dance instruction is scant,22 has mostly centred on imagery23 rather than instructional verbal cueing or direction of attentional focus, and no studies were identified that examined the effects of instructional cueing on vGRF in dance. One study24 reported that biofeedback (seeing and receiving an explanation of the vGRF) following an initial performance of a modern dance jump resulted in an increased duration in contact time, and increased duration from point of contact to peak vGRF, with a subsequent reduction in peak vGRF and loading rate, suggesting that a biofeedback intervention may reduce jumping impacts in subsequent performances. However, not every dancer or dance instructor will have access to the required equipment to provide such biofeedback, and the long-term effects have not been researched. In recreational athletes, research into the effectiveness of verbal instruction when landing from a 30cm drop jump found that kinematics-focused instructions resulted in a 13% decrease in peak GRF through the lower limb25 and a 21% decrease following technical instruction26. Combined, it can be assumed that an instructional intervention which centres on the execution of a given movement is likely to influence future performances of a baseline movement, and these effects may be evident in both performance and kinetic variables. Therefore, the aim of this study was to measure the effects of a verbal cue on the performance and kinetics of a knee-drop landing following a dance leap in pre-vocational dance students.

Methods
Participants
[bookmark: _Int_DZwiDzCe][bookmark: _Int_pY55yJz1][bookmark: _Int_WdfBC3IH][bookmark: _Int_lJ5MNEn9][bookmark: _Int_Imc7O4je]An opportunistic sample of ten female participants (Mean 17 ± 0.9 years, 60.7 ± 9.2 kg, 157.8 ± 7.2 cm) volunteered for the study. Mean dance experience of the participants was 9.8 ± 6.0 years, with a minimum of 3 years and a maximum of 16 years. Participants were required to have expertise in performing the movement being observed and be able to perform it repeatedly with success. The participants were currently enrolled in pre-vocational training at a leading Performing and Creative Arts school in the UK, specialising in Dance forms such as Contemporary, Jazz, Ballet, Tap and Street Styles. No participants reported any musculoskeletal injury or neurological condition which prevented them taking part. Participants were barefoot and wore black leggings or tights and a tight fitted dark top or leotard to provide clear contrast for the retro-reflective markers and to reduce the effect of friction burn from landing on the carpeted surface.
Ethics Approval
[bookmark: _Int_2uiBI0G6][bookmark: _Int_k0jDoPAN]Ethical approval was granted by the author’s University Ethics Board, and informed consent was provided by each participant, prior to data collection. 
Study Design
The study followed a quasi-experimental research design measuring kinematic and kinetic variables following the take-off and during a knee-drop landing of a contemporary dance style leap, pre and post a verbal cueing intervention. 
Procedures
[bookmark: _Int_1WFsVFEx][bookmark: _Int_5ixg1K4C][bookmark: _Int_o6LuiBVP][bookmark: _Int_mFrQIWPl][bookmark: _Int_LOIcXSQx][bookmark: _Int_FZBxONbw][bookmark: _Int_JzB0Cnlk][bookmark: _Int_LsSfFKts]The participants completed a self-directed warm up lasting 5 minutes. This was observed by the researcher who is an experienced dance teacher to ensure parity between all participants. Retro-reflective markers (B&L Engineering, Los Angeles, UK) and lower limb custom-made marker triads (University of Chichester, West Sussex, UK)27 were then applied to the body. A lower limb marker set based on the CAST system28 was used (see Table 1), with two additional tracking markers placed on the inside of each foot on the navicular tuberosity, and on the sacrum. Six upper body markers were placed on the right and left acromion, sternum jugular notch, C7 and T10 vertebrae and the sternum xiphisternal joint. After the static calibration trial was recorded, markers were removed from the lateral malleolus and lateral femoral epicondyle of the landing leg, and the second and fifth metatarsal heads of each foot, to allow the participants to complete the required movement successfully without discomfort. 

[Insert Table 1 here]

[bookmark: _Int_QkpNEkea][bookmark: _Int_T2aDoTPT]Data was collected using Vicon infrared cameras (MX T-Series (T40-S) Camera, Vicon Motion Systems Ltd, Oxford, UK) recording at 250Hz. GRF was measured using a Kistler Piezoelectric force plate recording at 1000Hz (Type 9287, Kistler Instruments, Hampshire, UK). 

[bookmark: _Int_wFsdc3Rs][bookmark: _Int_j4WVPPrJ][bookmark: _Int_tQDlASPh][bookmark: _Int_n1jha8Z3][bookmark: _Int_zS2CzWo6][bookmark: _Int_DbMfhUCg][bookmark: _Int_ja6qCgjh][bookmark: _Int_vH755PX5]Participants were instructed to select their preferred leg to perform the landing on, based on which side they would feel confident in their ability to accurately perform the required movement successfully and safely. The same instructions were given to each participant. The movement began from a parallel standing position, with the feet aligned underneath the hips, and the weight equally distributed between both legs. The participant then stepped one foot across the other, before using their non-preferred leg to push off into a sideways leap, with both hips externally rotated, flexed, and abducted, knee of the leading leg flexed, knee of trailing leg fully extended, ankle and foot plantarflexed, and arms abducted to shoulder height. The leading leg remained folded in the air with the trailing leg brushing to extend to second position. Initial ground contact in the landing was made by the dorsal surface of a plantarflexed ankle and foot, followed by the shin and knee as the dancer folded the leg underneath themselves, then transferred the weight to the side of the hip and continued into a seated roll across the back of the pelvis. The analysis of vGRFs was stopped after the point of knee impact so that hand contact made with the force plate during the roll would not impact GRF measures. Figures 1a to 1e visually represent the phases of the movement. To finish the movement the dancers immediately stood up on the same leg used to land the leap and ran in a semi-circle around the front of the force plate back to their starting position. This continuous sequence of movement was used to replicate a typical demand of choreography, where the dancer would usually be expected to continue from one movement straight into another29.

[Insert Figures 1a to1e]

[bookmark: _Int_hvu2y2R8][bookmark: _Int_UvIbxkyV][bookmark: _Int_JCoatrRT][bookmark: _Int_kOcuJk5f][bookmark: _Int_SpRtMswb][bookmark: _Int_mAXOzr6v][bookmark: _Int_rHMWeVA5][bookmark: _Int_7ZypZpL4]The movement was performed to a metronome of 106bpm as this has been referenced as a typical tempo used in a dance class30. Participants were instructed to begin standing to the side of the force plate, at a distance that enabled them to complete the movement and land both the foot and the knee on the centre of the force plate. The starting point was marked with tape to ensure that every trial for each individual was consistent and comparable31. A trial was deemed successful if the dancer landed on the force plate with both the foot and the knee after performing the movement with the required quality and technical control. Prior to data collection, the dancer was given 5 minutes to practice the movement and undertake familiarisation trials. 

[bookmark: _Int_ZleA5Xna][bookmark: _Int_NVVdaUQo][bookmark: _Int_UQ6iyqse][bookmark: _Int_vJqzvqLS]Five pre-intervention trials, with 30 seconds rest in between were recorded. Following this, a verbal instruction cue was given; “on your next repetition think about suspending in the air for longer and opposing the landing.” The verbal cue aimed to enhance performance outcomes of flight time and jump height, while simultaneously aiming to slow down the landing, tapping into the loading rate principle of distribution of force across time4. The instruction of “opposing the landing” aimed to improve the dancers’ landing technique by reducing the landing forces on impact, as GRF has been identified as a key factor affecting professional dance injuries14. The wording purposefully created an external directional focus, as this has been identified as beneficial in achieving desired performance20. Following the cueing intervention, the participant performed five post-intervention trials, whilst attempting to apply the cue. 


Data Analysis
[bookmark: _Int_ydC4hyGH][bookmark: _Int_t8NpD6oM][bookmark: _Int_il9GwbJx][bookmark: _Int_5I208I4u]The data was processed and labelled using Vicon Nexus software version 2.14.0 (Vicon Motion Systems Ltd, Oxford, UK). Due to marker occlusion, the clearest three pre and post trials for each participant were selected based on the visibility of the marker trajectory throughout the whole movement. Two participants were excluded from the analysis due to errors in data collection. Therefore, trials from eight participants were used in data analysis. 

[bookmark: _Int_G28KODO9][bookmark: _Int_xGQywxlO][bookmark: _Int_fGrgb0w6][bookmark: _Int_JlzKlBZw][bookmark: _Int_5cWLqwPA][bookmark: _Int_aiQxhFRV][bookmark: _Int_qf5wvQW1][bookmark: _Int_ajy220Uw][bookmark: _Int_hHfHF6L0]Visual 3D software (C-Motion, Inc., Germantown, Maryland, USA) was used to model the motion and force data. An eight-segment model included the pelvis, trunk, left and right thigh, shank and foot segments. A low pass Butterworth digital filter with a cut off frequency of 30Hz was applied to original marker trajectories based on published literature32 and upon visual inspection of the data. On visual inspection, the start of flight duration was identified as the take-off foot leaving the ground. Initial contact of the foot on the force plate was identified using a threshold of 10N33. The critical events of peak vGRF at foot impact and knee impact in the landing phase were extracted from the data and are identified in figure 2 on a representative vGRF signal. The knee impact phase ended when, upon visual inspection, the dancer made hand contact with the ground. Variables of flight time (s), jump height (m), peak vGRF (N) at foot impact and peak vGRF (N) at knee impact were extracted. Loading rate was calculated from initial foot contact on the force plate to the peak knee vGRF. 

[Insert Figure 2]

Statistical Analysis
[bookmark: _Int_1mxFoA3Y][bookmark: _Int_yJzkgeFt][bookmark: _Int_yQ2bTXU6][bookmark: _Int_tV9LXei1][bookmark: _Int_zNrZSt4m]To allow a comparison across participants, force data for all participants (n=8) included in the data analysis was normalised to bodyweight by dividing the magnitude of the peak vGRF by the subject’s body weight (N) to produce a value expressed in units of bodyweight (BW)34. Loading rate was expressed as BW/s. R Studio (v4.2.1; R Core Team, 2022)35 was used to carry out statistical analysis. A non-parametric Wilcoxon signed rank test was used to test for difference (V) between the pre and post intervention values for each variable36, given the sample size did not meet the assumptions for a parametric paired-samples t-test. The rank biserial correlation test was used on each variable to check the effect size (rrb) and produce 95% confidence intervals (CI).

[bookmark: _Hlk169774884]Results
[Insert Table 2 here]

[bookmark: _Int_6vX6tAEp]Table 2 reports the pre and post values for all variables. The verbal cueing intervention was effective as indicated by the statistically significant increase in jump height and flight time from pre-to post intervention; V = 1.0, p = 0.021, rrb = -0.94, 95% CI [-0.99, -0.76], V = 1.0, p = 0.016, rrb = -0.94, 95% CI [-0.99, -0.76], respectively. The confidence interval around the effect size for both variables was narrow, indicating good accuracy in parameter estimation.

When normalised to bodyweight, there was no significant difference between the pre and post intervention for peak vGRF at foot impact V = 17, p = 0.945, rrb = -0.06, 95% CI [-0.68, 0.62] or knee impact V = 16.5, p = 0.889, rrb = -0.08, 95% CI [-0.70, 0.60], suggesting that despite a significant increase in flight time and jump height there was no extra force exerted during landing. 

[bookmark: _Hlk180075028]There was no significant difference in the loading rate from the point of foot contact to the end of the peak knee contact between the pre intervention and post intervention conditions V = 24, p = 0.461, rrb = 0.33, 95% CI [-0.41, 0.81]. 

Discussion
[bookmark: _Int_3jhcalWt][bookmark: _Int_mXzJaR8m][bookmark: _Int_JH90cAcX][bookmark: _Int_VWY6VmBy][bookmark: _Int_oTr63SVs]Verbal cues are frequently used by choreographers and teachers to provide instruction and feedback, with the intention of adapting technical execution to optimise performance outcomes. The verbal cue of “on your next repetition think about suspending in the air for longer and opposing the landing” used in this study aimed to increase the elevation of the dance leap while maintaining a controlled landing. The optimisation of jump height and flight time accompanied by a ‘softer’ landing phase align with what a choreographer or teacher would likely desire as performance outcomes from this specific movement, encouraging the dancer to appear more effortless while also demonstrating athletic and artistic finesse. The wording for the cue was specifically devised to support an external focus of attention, where the focus was on spatial directions and the desired movement outcome, rather than body-based execution cues. In line with the considerable research on the beneficial performance outcomes of external attentional cues across a range of movement domains,20,21 the participants’ jump height and flight time significantly increased following implementation of the verbal cue. These findings imply that the cue was effective in enhancing the dancers’ leap performance, with reference to these specific performance variables. However, it is important to consider that a general learning effect from repeated testing may have influenced the post-intervention outcomes.

[bookmark: _Int_OOO2hF0h][bookmark: _Int_N8WxLNtv][bookmark: _Int_tdF9rUQg][bookmark: _Int_2Km8SOGW][bookmark: _Int_1VLLeWbB][bookmark: _Int_VhB16mEX]Regarding landing forces, peak vGRF (BW) at foot and knee impact showed no significant change from pre to post intervention, demonstrating that the increased jump height and flight time did not result in the dancer experiencing more force during the landing phase. Pre- and post- peak vGRF (BW) at foot impact remained consistent at 0.60 BW, and peak vGRF (BW) at knee impact was 4.22 BW pre intervention and 4.39 BW post intervention. It is difficult to directly compare these landing forces with previous literature due to the prior emphasis on foot-based landings. However, the peak knee impact forces recorded in this study are similar to GRFs of foot-only landings reported by Gorwa and colleagues14 following a modern dance grand jeté en tournant (4.67 BW) and travelling leap (5.13 BW), and by Jarvis and Kulig30 for a saut de chat (4.4 BW). In contrast, other movement forms have reported lower peak vGRF in non-foot-based landing than traditional foot-based landings, for example, a Parkour roll (landing on the forefoot, and immediately progressing to a forward shoulder roll) produced significantly lower vGRFs (2.9 BW) than a traditional landing (landing on the forefoot and lowering to the rear-foot) (5.2 BW)16. It is important to emphasise, that a dance knee-drop landing following a leap seems to produce similar forces to a foot-based dance landing, but these peak forces are experienced at knee impact rather than foot impact. Therefore, it is essential that dance teachers and choreographers effectively prepare and condition the knee and surrounding musculature to safely withstand the peak forces experienced by the eccentric loading in such landings.

[bookmark: _Int_1PchNQtQ][bookmark: _Int_wTBp9Fd4][bookmark: _Int_iyfb6jhJ]The limited dance research into non-foot-based landings observed in a choreographed fall from a static position reports vGRF’s of 2.81 BW and 2.09 BW for a choreographed fall onto the lower limb anteriorly and laterally, respectively15. These lower forces can be explained by the different actions preceding the landing; a fall from standing studied by Van Ramshorst and Choi,15 and the dance leap investigated in the current study. Interestingly, however, Van Ramshorst and Choi reported significantly lower peak forces from the lateral shank focused landings with inversion of the foot, as opposed to an anterior shank focused landing with plantarflexion of the foot. The current study did not instruct the dancers on specific techniques for how to land from the leap in either pre or post intervention trials. Perhaps future studies could investigate the role of different technical cueing on peak vGRF’s. 

[bookmark: _Int_0e2PlAZK][bookmark: _Int_Z3r8BfEB][bookmark: _Int_LYEqQ8bM][bookmark: _Int_sEsy6sZx][bookmark: _Int_Vxp7zFt9][bookmark: _Int_wFGB5BK4][bookmark: _Int_OLSzktdj][bookmark: _Int_TfBIWT6l]Previous studies have noted that high loading rates have been associated with increased injury risk2, with a decrease in loading rate been found to result in less stress being placed on the system when subjected to loads experienced during an impact29. No significant difference in time to peak knee impact or loading rate in the landing phase from pre- to post-intervention was seen in the current study. It is not surprising that there was no reduction in these variables, due to the metronomic standardisation of the timing of both the leap and the subsequent landing across pre- and post- trials. However, the significant increase in jump height and flight time of the leap following the cueing intervention, risked resultant increases in the kinetic variables. It follows that if flight time and jump height increased, COM velocity at landing would increase, therefore requiring greater muscular effort to decelerate the body on impact, suggesting that following the verbal cue, dancers had to develop effective strategies to disperse the potentially increased forces during the landing. Therefore, the lack of significant difference in peak vGRF and loading rate implies the optimised performance observed in jump height and flight time was not accompanied by a detrimental effect on musculoskeletal loading. It should be noted, there was a considerable range across individual participants’ loading rates suggesting variability in the dancers’ skill level and strategies used in the execution of this specific movement task. This may be due to the pre-vocational level of the dancers. 

Limitations
[bookmark: _Int_7YHwEVXs][bookmark: _Int_wIQWYD2W][bookmark: _Int_pxtQ5QaA][bookmark: _Int_OGKC7cIF][bookmark: _Int_cxWyNXb1]A key limitation to this study is the absence of a control group and the small sample size. The constraints of force plate size limited the movement phases investigated to landing forces only. For the purpose of the current study, only vGRFs at two key events were analysed as these were most relevant to the trajectory of the movement being investigated. Future research could benefit from including take-off data, analysis of all movement phases, peak total GRF plus lateral and rotational variables in addition to vGRFs, providing further detail to kinetic analysis. 


Practical and Clinical Applications and Implications
[bookmark: _Int_2bPzb1DP]A challenge when using quantifiable variables to illustrate improved performance is that aesthetic dance movements can rarely be judged by measurable outcomes alone. In the dance studio and on the stage, the success of the execution is more subjective and may depend on factors linked to artistic expression such as musicality, expressivity, and stylistic quality.37 Despite this acknowledgement, the current findings imply the cueing instruction used during this study could be used as feedback to dancers to see performance improvements in aspects of elevation and controlled landing for this specific dance movement. Additionally, teachers and choreographers should be aware of the inherent loads involved in asking dancers to perform knee-drop landings, and particularly the stress at knee impact. Therefore, dancers should be sufficiently conditioned to cope with the choreographic demands required of such landings, supporting enhanced performance potential and reduced injury risk. 

Conclusion
[bookmark: _Int_H036UA0f][bookmark: _Int_Da6Jlvtm][bookmark: _Int_PcS00peN][bookmark: _Int_dtuWO339]In conclusion, dancers, teachers and choreographers should understand the associated stressors of specific movement tasks, to promote enhanced biomechanical strategies and minimise potentially harmful impacts, while maintaining optimal performance outcomes. This study has found that in a knee-drop landing following a dance leap the verbal cueing intervention of “on your next repetition think about suspending in the air for longer and opposing the landing” was successful in increasing performance variables of jump height and flight time. The lack of significant difference in peak vGRFs and loading rate in the landing phase following the cue implies that the intervention did not have a detrimental effect on musculoskeletal loading. These findings allow dancers, teachers, and choreographers to understand that it is possible to increase jump height and flight time, without creating additional loading stress in the knee-drop landing. 
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Tables

Table 1: List of Lower Limb Markers
	Short Name
	Full Name

	R_ASI
	Right Anterior Superior Iliac Spine

	L_ASI
	Left Anterior Superior Iliac Spine

	R_PSI
	Right Posterior Superior Iliac Spine

	L_PSI
	Left Posterior Superior Iliac Spine

	R_IC
	Right Iliac Crest

	L_IC
	Left Iliac Crest

	R_GT
	Right Greater Trochanter

	L_GT
	Left Greater Trochanter

	R_TH_PROX
	Right Thigh Proximal

	R_TH_DIST
	Right Thigh Distal

	R_TH_POST
	Right Thigh Posterior

	L_TH_PROX
	Left Thigh Proximal

	L_TH_DIST
	Left Thigh Distal

	L_TH_POST
	Left Thigh Posterior

	R_FEM_LAT
	Right Lateral Femoral Epicondyle++

	R_FEM_MED
	Right Medial Femoral Epicondyle

	L_FEM_MED
	Left Lateral Femoral Epicondyle++

	L_FEM_MED
	Left Medial Femoral Epicondyle

	R_SH_PROX
	Right Shank Proximal

	R_SH_DIST
	Right Shank Distal

	R_SH_POST
	Right Shank Posterior

	L_SH_PROX
	Left Shank Proximal

	L_SH_DIST
	Left Shank Distal

	L_SH_POST
	Left Shank Posterior

	R_MAL_LAT
	Right Lateral Malleolus++

	R_MAL_MED
	Right Medial Malleolus

	L_MAL_LAT
	Left Lateral Malleolus++

	L_MAL_MED
	Left Medial Malleolus

	R_CAL
	Right Calcaneus

	R_5MET
	Right Head of 5th Metatarsal+

	R_2MET
	Right Head of 2nd Metatarsal+

	L_CAL
	Left Calcaneus

	L_5MET
	Left Head of 5th Metatarsal+

	L_2MET
	Left Head of 2nd Metatarsal+









































+Markers were removed after static calibration trial. ++ The lateral femoral epicondyle and lateral malleolus markers were removed from the landing leg.


Table 2: Kinematic and kinetic data for variables during landing phase (means ± SD)
	Measured Variable
	[bookmark: _Int_nYIx2enZ]Pre Intervention       Post Intervention

	Flight Time (s)

	0.32 ± 0.14

	0.38 ± 0.15*

	Jump Height (m)

	0.90 ± 0.10

	0.95 ± 0.09*

	Peak vGRF at Foot Impact (N)

	366.9 ± 205.9

	368.8 ± 175.5

	Normalised Foot Impact peak vGRF (BW)

	0.60 ± 0.31
	0.60 ± 0.26

	Peak vGRF at Knee Impact (N)

	2581.9 ± 467.7
	2701.6 ± 769.1

	Normalised Knee Impact peak vGRF (BW)

	4.22 ± 0.74
	4.39 ± 1.07

	Time to peak Knee Impact vGRF (s)

	0.12 ± 0.03
	0.14 ± 0.03

	Loading Rate to Knee Impact Peak (BW/s)
	38.1 ± 14.7
	35.8 ± 14.8



*Significant difference p < 0.05
vGRF: vertical Ground Reaction Force


Figure Legends:
Figures 1a to 1e. Visual representation of the phases of the movement studied.

Figure 2. A representative vGRF trace during the knee-drop landing. 
